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Field of the Invention 
Claim 1 

SiUcon wafers that do not have etch pits on the surface. These wafers are processed 
from sihcon single cryst<il manufactured by the Czochralski method. 

Summary of the Invention 
Application of the Invention 

This invention is appUed for silicon wafers that are used for manufacturing LSI. for the 
detail, this invention is provided for an improvement of sUicon wafers, which are 
processed from silicon single crystal manufactured by Czochralski method. 

Conventional Technology 

Conventional Czochralski method sihcon wafers were processed from slicing pulled 
single crystal silicon by slicing machine. These shced siUcon wafers are lapped or 
ground, furthermore, chemical etching is taken place for the wafers to remove 
mechanical damage from processing. 

And then, these silicon wafers are pohshed on the surface and cleaned as final 
processes. 

The Issue(8) to be solved by this Invention 

However, either high density small defect or low density large defect exists on such 
conventional Czochrdski method silicon wafers. These defects appear on the wafer 
surface as etch pits by ammonia-based cleaning after polishing. 

An electrical characteristic of the silicon wiifers is damaged by the defects mentioned 



nbove. 

And. as a result, yield is low at the manufacturing of the silicon wafers. 

Accordingly, a a object of this invention is to provide silicon wafers that have unproved 

electrical chaiactenstic and high yield at their manufacturing. 

The Method ti. Solve Issue(s) 

This invention is to provide silicon wafers that do not have etch pits on the surface, 
which are processed from silicon single cryst^ils pulled by usiag Czochralski method. 

Effects 

Regarding tho silicon wafers from this invention, no etch pits practically exist on the 
wafer surface after ammonia-based cleaning after poUshmg. That is. no defects 
mentioned above exit near the silicon wafer surface from this invention. 
To produce such no etch pits wafers, single crystal sdicon pulled by Czochralski method 
needs to be cooled down at certain cooling rate. For example, during the total cooling 
period from 1 200°C to SOO'C of the single crystal silicon, the coohng rate is controlled 
less than 0.4°C/minitfi. 

As a result, wafers that contains no etch pits, which means no defects, are obtained. 
Therefore, the electrical characteristic of the wafers is unproved and manufacturing 
yield also improved by this invention. 

Example 

We explain examples of this invention. 

A Czochralski method is used to grow silicon single crystal for this invention. 

In this case, total cooling rate from 1200 "C to 800°C during cooUng period of the puUmg 

crystal is controlled to less than 0.4«C/minute. The cooUng rate can be 

0.5°C/minutcl.0''C/minute. 

The crystal is processed pulled by method described above to polished wafers by using 
conveational wafering processes. 

The wafers from above, which is P type <100> orientation, are cleaned for 20 minutes at 

SS-C, which IS higher temperature thau normal process to enhance its etching ability. 

by using ammonia-based cleaning solution such as NH.OH/H2O2/H2O (Wd). 

The cleaning is repeated 10 times. As a result, the etch pits that are 0.1 nm in the size 

can be counted by a particle counter, which is common in the art. 

From above result, no formation of etch pits in the size of 0.2 ^m that is the customer 

requirement to-date are observed on the wafer surface. 



Foi- example, when a particle counrtT. which i.s common in the art. counts pai'Mcies. 
1.000 of etch pits are observed on silicon wafers from conventional Czochraiski method 
after 10 times repeated cleaning by using ammonia-based cleaning solution. On the 
other hand, particles are 0. that is. no etch pits are observed on the wafers from this 
invention when i?time particle counter is used 
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